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(54) NONVOLATILE MEMORY ARRAY STRUCTURE AND ITS OPERATING METHOD 



(57) In the present invention a nonvolatile memory 
array architecture can be realized by a fabrication proc- 
ess more compatible to an MOS logic fabrication proc- 
ess as compared with previous nonvolatile memory ar- 
ray architectures. Higher write and/or read speed is pos- 
sible because of a lower bit line resistance. A high hard 
bit density near 4F 2 is possible when a self-align contact 
technology and a border less contact technology are 
used. Connection regions are formed throughout the 



memory array comprising four cells that are connected 
to one bit line. The connection regions can be formed in 
the same processing step with opposite conductivity re- 
gions for economy of processing. Apluralityof memory- 
cells are two dimensionally disposed in two different di- 
rections with connection regions, conductivebit lines ex- 
tending in the first direction, conductive word lines ex- 
tending in the second direction, and conductive control 
lines. 
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Description 
Technical Field 

[0001] This invention relates to a nonvolatile memory, 
more specifically to array structures and operation meth- 
ods of the same. The "operation methods" means pro- 
gramming (write and/or erase) and read methods. 

Background Art 

[0002] In the US patent application specifications 
60/147,258 filed on August 5, 1 999 and 60/1 58, 966 filed 
on October 12, 1999, array structures of nonvolatile 
memory are described. In the prior patent applications 
there was described an array of a nonvolatile memory 
of prior art constructed of a plurality of the cells. A planar 
view of the nonvolatile memory of prior art is shown in 
Fig. 1 . The array is two dimensionally disposed, in a first 
direction and in a second direction. A first set of bit lines 
41 and a second set of bit lines 42 extend in the second 
direction and are continuously connected. The regions 
41 and 42 of opposite conductivity are shared with 
neighboring cells in the first direction. A conductive word 
line 60 extends in the first direction and stitches a row 
of third conductive gates 63 together, across and over 
the opposite conductivity type regions. An example of 
processing technology for stitching the third conductive 
gates 63 was described in the patent application 
60/158,966. Control lines are formed from conductive 
gates 61 and 62 extending in the second direction and 
are continuously connected. 

[0003] A cross section view of a portion of Fig.1 is 
shown in Fig. 2. A memory cell is shown with a channel 
forming a semiconductor region 31 , 32 and 33 of a first 
conductivity type in a surface region 20 called a well on 
or in one surface of a substrate 10. The substrate 10 is 
a semiconductor substrate, or has a semiconductor sur- 
face layer 20 on an insulating substrate . A first opposite 
conductivity type region 41 and a second opposite con- 
ductivity type region 42 are disposed in the surface 20 
of the substrate 10. The first and second opposite con- 
ductivity type regions 41 , 42 are spaced apart and sep- 
arated from each other by the channel forming semicon- 
ductor region 31 , 32 and 33 . The channel forming sem- 
iconductor region 31, 32 and 33 contain a first channel 
forming region 31 laterally contacting the first opposite 
conductivity type region 41, a second channel forming 
region 32 contacting the second opposite conductivity 
type region 42, and a third channel forming region 33 
disposed between and in contact with the first and sec- 
ond channel forming regions 31 , 32. A first gate insulator 
51 is disposed on the first channel-forming region 31, 
and a second gate insulator 52 disposed on the second 
channel-forming region 32. A third gate insulator 53 is 
disposed on the third channel-forming region 33. A first 
conductive gate 61 is formed on the first gate insulator 
51, a second conductive gate 62 is formed on the sec- 



ond gate insulator 52, and a third conductive gate 63 is 
formed on the third gate insulator 53. The first, second 
and third conductive gates 61 , 62 and 63 are electrically 
insulated each other with an insulator 71 and 72. Carrier 
5 trapping sites are contained within gate insulators for 
carrier storage and are provided in the first insulator 51 
and second insulator 52. 

[0004] It can be recognized from Fig. 1 that the high 
bit density of 3F 2 /bit is possible when the conductive first 
and second gates are fabricated by a side wall gate 
technology as was shown in the patent application 
60/1 58,966. However, to utilize this array in a fast read 
application under low supply voltage (e. g. V dd =1.8V), 
read current per cell is set to be 10 - 40 micro-ampere. 
On the other hand, series resistance of the bit tine being 
comprised of the continuously connected opposite con- 
ductivity type regions is about 400 ohm/cell and voltage 
drop per cell in the bit line amounts to 4 - 16mV/cell. In 
case that 20% voltage drop on the bit line is allowed, 
only 23 - 90 cells can be connected through one bit line. 
For an array structure larger than 128 bit/bit-line, the op- 
posite conductivity type regions silicided on the top and/ 
or a metal layer stitching every tens (hundreds for the 
silicided opposite conductivity type regions) of cells is 
necessary. However, once the metal layer is used for 
array connection, the above estimated high bit density 
of 3F 2 /bit becomes difficult, because usually metal layer 
pitch is (about 1 .4 times) larger than that of a poly-silicon 
layer. Also the technology cited above for stitching the 
third conductive gates by one of the word lines is not 
logic compatible (i.e. not compatible with a fabrication 
process for a MOS logic LSI) . For a reasonably high 
density and/or improved logic compatibility, a new array 
structure is necessary. 

[0005] Referring to Fig. 3, an equivalent circuit is 
shown of the array in Fig. 1. As is seen in Fig. 3, control 
lines 61 and 62 along with bit lines 41 and 42 cross the 
word lines 60. When a selected memory cell is written, 
read or erased, the control lines giveabiasvoltage(s) 
tothefirstandsecondgatesofallunselected cells that are 
connected to the control lines, causing the unselected 
cells to suffer from repetitive write disturb, read disturb 
or erase disturb. 



[0006] It is a purpose of the present invention topro- 
vide a nonvolatile memory array structure having low bit 
line resistance but still reasonable high cell density. 
[0007] It is another purpose of the present invention 
to provide a nonvolatile memory array having improved 
logic process compatibility. It is further another purpose 
of the present invention to provide an operation method 
of the nonvolatile memory array. The "operation meth- 
od" includes "write", "erase" or "read" methods. It is fur- 
ther another purpose of the present invention to provide 
an array structure with improved write, read or erase dis- 
turb. 
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Disclosure of Invention 

[0008] To achieve the above purpose, the following 
array structure is provided in the present invention. A bit 
tine extends in a first direction and comprises of a high 
conductive layer, such as a metal layer or a TIN or tung- 
sten layer for a local interconnection. The "high conduc- 
tive" layer is defined as a layer whose conductivity is 
higher than that of the opposite conductivity type region. 
A connection region is provided to connect opposite 
conductivity type regions neighboring in a second direc- 
tion, each one of which is shared by two neighboring 
memory cells extending in the first direction. The con- 
nection region is connected to the bit line, thus 4 cells 
are connected to one bit line through the connecting re- 
gion and a high-density array structure is obtained. The 
connection region can be continuously formed to the op- 
posite conductivity type regions and/or simultaneously 
formed with opposite conductivity type regions for the 
economy of the processing steps. The connection re- 
gion can also be a polysilicon layer which contacts the 
opposite conductivity type region and insulated from a 
first and second conductive gates mentioned below. 
This new architecture eliminates the necessity of the 
word line to cross over the opposite conductivity type 
regions, which is incompatible with a logic process. 
[0009] More specifically, the present invention is sum- 
marized as a nonvolatile memory array comprising; a 
plurality of memory cells two dimensionally disposed in 
a first direction and in a second direction having con- 
nection regions with conductive bit lines extending in the 
first direction, conductive word lines extending in the 
second direction, and conductive control lines extending 
in the second direction. The memory cell comprises a 
channel forming semiconductor region of a first conduc- 
tivity type in a semiconductor surface region of a sub- 
strate where the substrate is a semiconductor substrate 
itself, or a semiconductor surface region on an insulating 
substrate, such as silicon on insulator (SOI). The mem- 
ory cell also comprises a first opposite conductivity type 
region and a second opposite conductivity type region 
being disposed in the surface region of the substrate 
and the first and second opposite conductivity type re- 
gions being spaced apart and separated from each oth- 
er by the channel forming semiconductor region. 
[0010] The channel forming semiconductor region 
further comprises a first channel forming region laterally 
contacting the first opposite conductivity type region, a 
second channel forming region contacting the second 
opposite conductivity type region, and a third channel 
forming region in contact with the first and second chan- 
nel forming regions and disposed between the first 
channel forming region and the second channel forming 
region. The gate insulators comprise a first gate insula- 
tor disposed on the first channel forming region and 
apart of the f irst opposite conductivity type region ad- 
jacent to the first channel forming region, a second gate 
insulator disposed on the second channel forming re- 



gion and a part of the second opposite conductivity type 
region adjacent to the second channel forming region, 
and a third gate insulator disposed on the third channel 
forming region. The conductive gates comprise a first 

5 conductive gate on the first gate insulator, a second con- 
ductive gate on the second gate insulator, and a third 
conductive gate on the third gate insulator. The first, sec- 
ond and third conductive gates are electrically insulated 
from each other, and a part of the first conductive gate 

10 overlaps a part of the first opposite conductivity type re- 
gion via the first insulator. A part of the second conduc- 
tive gate overlaps over a part of the second opposite 
conductivity type region via the second insulator. Carrier 
trapping sites for carrier storage are provided in the first 

15 and second insulator. 

[0011] The connection regions comprise a first con- 
nection region and a second connection region. The first 
connection region electrically connectsthefirst opposite 
conductivity type regions of two neighboring cells in the 

20 second direction. The second connection region electri- 
cally connects the second opposite conductivity type re- 
gion of one of the cells and a second opposite conduc- 
tivity type region of a neighboring cell in the second di- 
rection. The first connection region is connected to a first 

25 high conductive layer that is insulated from and crosses 
over the first, second and third conducting gates. The 
second connection region is connected to a second high 
conductive layer that is insulated from and crosses over 
the first, second and third conducting gates. The first 

30 and second high conductive layers form bit lines. 

[0012] The connection regions can be of opposite 
conductivity type semiconductor regions. More specifi- 
cally, the connection regions can be formed continuous- 
ly in opposite conductivity type semiconductor regions 

35 of the memory cells that will be connected to the con- 
nection regions. The connection regions can be poly- 
silicon layers partly over but insulated from the first or 
second conductive gates. The third gate of each cell is 
disposed side-by-side in the second direction and is 

40 continuous, connecting third gates of other cells togeth- 
er and forming a part of one word line out of the plurality 
of word lines. The first gate of each cell is disposed side- 
by-side in the second direction and is continuous, con- 
nected to other first gates, and forming a part, of a first 

45 control line out of the plurality of control lines. The sec- 
ond gate of each cell is disposed side-by-side in the sec- 
ond direction, and is continuous, connected other sec- 
ond gates, and forming a part of a second control line 
out of the plurality of control lines. 

so [0013] A word line is made from poly-silicon by con- 
tinuously connecting the third gates . Reduction of the 
word line resistance can be realized by stitching the 
word line at each tens or hundreds of cells by a metal 
layer commonly utilized in a multi-layer interconnection 

55 technology. To stitch a control line by a metal layer, a 
"bridging" layer is provided in the present invention. The 
"bridging" layer bridges neighboring control gates and 
connects the neighboring control gates in the first direc- 
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tion. The bridging layer can be made from poly-silicon. 
[0014] In order to operate the present array architec- 
ture, a new operation algorithm is provided, in the 
present invention, for writing and reading the array, that 
is called, "split write" and "split read" . The split write em- 5 
ploys three bit lines for writing a pair of hard bits in the 
cells sandwiched by the two bit lines. A center bit line is 
biased to a voltage for the acceleration-injection of elec- 
trons and the bit lines to either side of the center bit line 
of the three bit lines are biased to a write-inhibit voltage 
or a write-select voltage. The write-select voltage can 
be 0V for 2 level storage, but can be selected from of a 
multiple of voltages, e.g. 0, 0.5, 1 , 1 .5V, for setting a stor- 
age level in a multilevel storage . Each bit-line adjacent 
to the selected triplet of bit lines is idled by a bias voltage 
from 0V to the write-inhibit voltage. Thus every other two 
hard bits are written. 

[0015] A split read also employs three bit lines for 
sensing a pair of hard bits in two cells sandwiched be- 
tween the two outside bit lines of the selected three bit 
lines. A center bit line is biased to a read selection volt- 
age, can be 0V for 2 level storage, but can be selected 
out of a multiple voltages for multilevel sensing. The bit 
lines on the outside of the selected three bit lines are 
used for sensing by applying a read voltage. The sens- 
ing can be done by either detecting current value 
through the bit lines or discharge time on pre-charged 
bit lines. Each bit-line adjacent to the selected triplet of 
bit lines is idle and biased to a read-inhibit voltage. Thus 
every other two hard bits are sensed. 
[0016] The detailed explanation of the algorithm 
through embodiments will be given after the following 
explanation of embodiment of array architectures ac- 
cording to the present invention. 

Brief Description of Drawings 

[0017] 

Fig. 1 shows an example of prior art of the planar 
view of a nonvolatile memory array, 
Fig. 2 is a cross section of the nonvolatile memory 
cell of prior art of Fig. 1 that shows a word line cross- 
ing over opposite conductivity type regions, 
Fig. 3 is a circuit diagram of the array of prior art 
shown in Fig. 1, 

Fig. 4A is a circuit diagram of a unit cell of the 
present invention, 

Fig. 4B is a circuit diagram of a nonvolatile memory 
array of the present invention, 
Fig. 5 is a planar view of a first embodiment of a 
nonvolatile memory array according to the present 
invention, 

Fig. 6 is a first cross section of the first embodiment 
shown in Fig. 5, 

Fig. 7 is a second cross section of the first embod- 
iment shown in Fig. 5, 

Fig. 8 is a cross section of a second embodiment 



where the connection region comprises a poly-sili- 
con layer, 

Fig. 9 is a circuit diagram of the present invention 
showing the forming of main control lines by means 
of a bridging layer and a numbering scheme for the 
non-volatile memory array, 
Fig. 1 0 is a planar view of an example of the bridging 
layer bridging two control lines, 
Fig. 11 is a cross section view of the bridging layer 
shown in the planar view in Fig. 9, 
Fig. 12 shows a biasing method for bit lines in writ- 
ing, 

Fig. 13 shows a biasing method for bit lines in writ- 
ing, 

Fig. 14 shows a biasing method for bit lines in read- 
ing, and 

Fig. 15 shows a biasing method for bit lines in read- 
ing. 

Best Mode for Embodying the Invention 

[001 8] Fig. 4A shows a schematic diagram of a mem- 
ory cell of the present invention. A first channel region 
301 is adjacent to a first opposite conductivity region 
401. A second channel region 302 is adjacent to a sec- 
ond opposite conductivity region 402 . The first opposite 
conductivity region 401 forming a part of first bit line, and 
the second opposite conductivity region 402 forming a 
part of a second bit line. A first gate insulator 501 lying 
on top of the first channel region 301 upon which is a 
first conductive gate 601. A second gate insulator 502 
lying on top of the second channel region 302 upon 
which is a second gate conductive gate 602. A third con- 
ductive gate 603 lying above the third channel region 
303. Gates 601 and 602 connect to control lines in the 
memory shown in Fig. 4B and gate 603 connects to a 
word line. Data stored in the memory cell is stored in the 
form of charge in the first and second insulators 501 and 
502. 

[0019] In Fig. 4B is shown a schematic diagram of a 
portion of a memory of first embodiment of the present 
invention configured using the memory cell shown in 
Fig. 4A. The memory cell of Fig. 4A is replicated in the 
horizontal or first direction and in the vertical or second 
direction. The discussion pertaining to Fig. 4B will be 
centered around memory cell (j.k) 4100 and adjacent 
cells, but is applicable all cells. The memory cells in each 
column are mirror images of the memory cells in the ad- 
jacent columns. Thus, memory cells G.M). (j+i,k-1), (j, 
k+1 ) and (j-1 ,k+1 ) are mirror image of cells 0 , k) , (j-1 ,k) 
and 0+1, k) . Bit line 4010 is connected to the first op- 
posite conductivity region 401 of cells (j,k), (j. k ~ 1 ). 
(j+1,k), and G + 1.k-1) as signified by the "round dot" at 
the intersection of the bit line 4010 and the connections 
to the first opposite conductivity regions 401. Bit line 
4020 is connected to the second opposite conductivity 
region 402 of cells (j,k) , (j,k+1 ), 0-1 ,k), and 0-1 ,k+1 ) as 
signified by the "square dot" at the intersection of the bit 
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line 4020 and the connections to the second opposite 
conductivity regions 402. Each bit line connects to mem- 
ory cells in groups of four that are adjacent in the first 
and the second directions. For example, in Fig. 4B bit 
line 401 0 connects to the opposite conductivity region 
401 associated with cells (j,k) f G+1 ,k), (j,k-1 ) and (j+1 ,k- 
1) using connection via 941, and bit line 4020 connects 
to the opposite conductivity region 402 associated with 
cells (j,k), (j-1,k), (j,k+1) and (j-1 ,k+1) using connection 
via 942. 

[0020] Continuing to refer to Fig. 4B, control line 601 0 
connects to the first control gates 601 in each of the cells 
in a column, control line 6020 connects to the second 
control gates 602 in each column, and word line 6030 
connects to the third gate in each of the cells in a column. 
Since columns are mirror images of each other, control 
lines 6010 connecting first control gates 601 in two ad- 
jacent columns are close to each other, and on the op- 
posite side of a column, control lines 6020 connecting 
second control gates 602 are close together. Bit lines 
4010 and 4020 run across control lines 6010 and 6020 
and word lines 6030. Word lines and control lines run in 
the second direction and orthogonal to the bit lines 401 0 
and 4020 that run in the first direction. The layout as 
depicted in Fig. 4B minimizes disturb conditions be- 
tween word lines 6030 and control lines 601 0 and 6020 
because the word lines do not cross the control lines. 
[0021] Fig. 5 shows a plan view of the first embodi- 
ment of the present invention. The memory cell (j,k) 
4100 is shown in the center of the plan view and is the 
same as other cells that are in the second direction in 
the same column above and below cell Q,k). The desig- 
nation (j , k) represents the location at the cell within the 
memory where "j" is the column designation and "k" is 
the row designation. Cells in columns on either side of 
cell (j,k) are mirror images of cell (j,k) . This places the 
control lines 6010 in the column of cell (j,k) and the col- 
umn ( k-1 ) to the left close together. Also control lines 
6020 of the column containing cell (j,k) and control line 
6020 of the column ( k+1) to the right of cell (j,k) are 
close together. Control lines 601 0 and 6020 in each col- 
umn extend in the second direction connecting to gates 
601 and 602, respectively, of the cells in each column. 
Word line 6030 connects to gate 603 in each cell in a 
column and extends in the second direction between 
control lines 6010 and 6020. 

[0022] Continuing to refer to Fig. 5, a first insulator 
201 extends in the first direction over which the control 
lines 6010 and 6020 and word line 6030 are formed in 
the second direction making the control lines and the 
word lines each continuous in a column. A bit line 4010 
extends across the memory in the first direction and is 
located over the first insulator 201. The bit line lies 
across the control lines 6010 and 6020 and the word 
line that cross over the first insulator 201 . The first insu- 
lator 201 is made of material such as silicon oxide in or 
on the surface of the substrate. A second insulator 202 
extends in the first direction over which the control lines 



6010 and 6020 and word line 6030 are formed in the 
second direction making the control lines and the word 
lines each continuous in a column. A bit line 4020 ex- 
tends across the memory in the first direction and is lo- 
5 cated over the second insulator 202. The bit line lies 
across the control lines 601 0 and 6020 and the word 
line 6030 that cross over the second insulator 202. The 
insulator 202 is made of material such as silicon oxide 
in or on the surface of the substrate. 
[0023] Continuing to refer to Fig. 5, the first insulator 
201 is interrupted by a first connection region 411 on 
which a filled contact hole 941 locates. The filled contact 
hole 941 allows the bit line 4010 to be connected to the 
two regions of opposite conductivity 401 disposed be- 
tween control lines 6010 in adjacent columns of cells. 
The two regions of opposite conductivity 401 , which ex- 
tend in the second direction between two second insu- 
lators 202 and lie between two adjacent control lines 
6010, are connected by the connection region 411 . The 
two regions of opposite conductivity 401 and one first 
connection region are associated with four memory 
cells, Q.k) (j + 1,k) G.k-1) and (j+1,k-1), as shown in Fig. 
4B. The second insulator 202 is interrupted by a second 
connection region 41 2 on which a filled contact hole 942 
locates. The filled contact hole 942 allows the bit line 
4020 to be connected to the two regions of opposite con- 
ductivity 402 disposed between control lines 6020 in ad- 
jacent columns of cells. The two regions of opposite con- 
ductivity 402 extend in the second direction between two 
first insulators 201 and are associated with four memory 
cells, (j,k) (j-1 ,k) Q,k+1) and Q-1,k+1) by means of one 
second connection region, as shown in Fig. 4B. The first 
connection region can be continuously formed with the 
first opposite conductivity regions to be connected and 
is of opposite conductivity type. The second connection 
region can be continuously formed with the second op- 
posite conductivity regions to be connected and is of op- 
posite conductivity type. 

[0024] Referring to Fig. 6, a cross sectional view of 
Fig. 5 taken through the area of a memory cell (j.k) and 
comprises a channel forming semiconductor region 
301 , 302, and 303 of a first conductivity type in a surface 
semiconductor region 200 as a well or a semiconductor 
layer on a insulating substrate 100. The substrate 100 
is either a semiconductor substrate or an insulating sub- 
strate on which a semiconductor surface region 200 is 
disposed . A first opposite conductivity type region 401 
and a second opposite conductivity type region 402 is 
disposed in the surface semiconductor region 200 of the 
substrate 1 00 and the first and second opposite conduc- 
tivity type regions 401 and 402 are spaced apart and 
separated from each other by a channel forming semi- 
conductor region comprising regions 301, 302 and 303. 
The first channel forming region 301 laterally contacting 
the first opposite conductivity type region 401, the sec- 
ond channel forming region 302 contacting the second 
opposite conductivity type region 402, and the third 
channel forming region 303 in contact with the first and 
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second channel forming regions 301 and 302 and dis- 
posed between the first channel forming region and the 
second channel forming region. 
[0025] Continuing to refer to Fig. 6, a first gate insu- 
lator 501 is disposed on the first channel forming region 5 
301 and on a part of the first opposite conductivity type 
region 401 adjacent to the first channel forming region 
301 . A second gate insulator 502 is disposed on the sec- 
ond channel forming region 302 and on a part of the sec- 
ond opposite conductivity type region 402 adjacent to 
the second channel forming region 302 , and a third gate 
insulator 503 is disposed on the third channel forming 
region 303. First carrier trapping sites are embedded in 
the first gate insulator 501 and second carrier trapping 
sites are embedded in the second gate insulator 502. 
The carrier trapping sites are embodied by small con- 
ductive particles embedded in the insulator (like silicon 
particles in silicon dioxide) or by three layered insulator 
with a lower gap insulator layer as middle layer and with 
a higher gap insulators as top and bottom layer (like sil- 
icon dioxide/silicon nitride/silicon oxy-nitride or silicon 
dioxide). Conductive gates comprise a first conductive 
gate 601 on the first gate insulator 501, a second con- 
ductive gate 602 on the second gate insulator 502, and 
a third conductive gate 603 on the third gate insulator 
503. The first, second and third conductive gates are 
electrically insulated from each other by insulators 701 
and 702. A portion of the first conductive gate 601 over- 
laps a portion of the first opposite conductivity type re- 
gion 401 by means of the first insulator 501. A portion 
of the second conductive gate 602 overlaps a portion of 
the second opposite conductivity type region 402 by 
means of the second insulator 502 . Hot carriers are 
trapped in the trapping sites located in the first and sec- 
ond insulators 501 and 502. Charging state of the trap- 
ping sites is changed by the carrier charge. 
[0026] In Fig. 7 is shown a cross section of the first 
embodiment shown in Fig. 5 taken along bit line 4010. 
The bit line 4010 is a high conductive layer (made of 
AlCu, TiN, W or Cu etc) that crosses over the first control 
line 601 0 connected to the first conductive gate 601 , the 
second control line 6020 connected to the second con- 
ductive gate 602 and the word line 6030 connected to 
the third conductive gate 603 . An inter-insulating layer 
800 made of silicon oxide or a multi-layer of silicon ni- 
tride and silicon oxide in-between is used to separate 
the bit line 4010 from the control lines 6010 and 6020 
and the word line 6030. An insulating area 201 residing 
within the semiconductor surface region 200 extends in 
the first direction under bit line 4010. A first connection 
region 411 extends in the second direction through the 
insulating area 201. The bit line 4010 is electrically con- 
nected to the region of opposite conductivity 401 
through the filled contact hole 941 in the inter-insulating 
layer 800 via the first connection region 411. W or AlCu 
are used to fill the contact hole 941. 
[0027] Fig. 8 is a cross section of an embodiment 
where the connection region comprises a poly-silicon 



layer 4014. The poly-silicon layer contacts the two ad- 
jacent opposite conductivity type regions neighboring in 
the second direction on either side of the insulating area 
201 and extends over but is insulated from the control 
gates 601 . The poly-silicon layer is doped with an impu- 
rity preferably of the opposite type conductivity. This po- 
ly-silicon connection region can accept a large size con- 
tact plug 941 and ease alignment of the contact plug 
941 to the first 601 or the second 602 conductive gate, 
because the poly-silicon layer covers the first 601 or the 
second 602 gate. When a first opposite conductivity type 
region 401 is shared with two cells adjacent in the first 
direction, a first shared opposite conductivity type region 
401 is connected by the connection region 4014 to a 
second shared opposite conductivity type region 401 . 
Abit line is thus connected to four cells in the two oppo- 
site conductivity regions 401 by means of a contact plug 
941. This makes a high-density array layout possible. A 
word line 6030 comprises poly-silicon or polycide with 
a double layer of a tungsten silicide layer on a poly-sil- 
icon layer, and continuously connects third gates 603 in 
a column together. Reduction of the word line resistance 
can be realized by stitching the word line at each tens 
or hundreds of cells by an additional conductive metal 
layer that is commonly utilized in a multi-layer intercon- 
nection technology. 

[0028] In Fig. 9 is shown the schematic diagram of the 
preferred embodiment of the present invention that is 
similar to the schematic diagram of Fig. 4B. In Fig. 9 bit 
lines, word lines, control lines and main control lines are 
renumbered using "j" and "k" subscripts, for instance bit 
lines 401 0 G-1 ) . 401 0 (j) . 401 0 G+1 ) (not shown) , 4020 
(j ) , 4020 (j+1) , 4020 (j+2) (not shown) , word lines 
6034 (k-1 ) , 6030 (k) , 6030 (k+1 ) , control lines 6010 (k- 
1) , 6010 (k) , 6010 (k+1) , 6020(k-1), 6020 (k), 6020 
(k+1) and main control lines 6011 (k), 6011 (k+1), 6021 
(k-1), and 602 1(k). Adjacent control lines 6020(k-1)and 
6020(k-2) (not shown) are connected together and fur- 
ther connected to a main control line 6021 (k-1) by 
means of a filled contact hole 961 (symbolized with tri- 
angular dot). Adj acent control lines 601 0 (k-1 ) and 601 0 
(k) are connected together and further connected to a 
main control line 6011 (k) by means of a filled contact 
hole 961 . Adjacent control lines 6020(k) and 6020 (k+1) 
are connected together and further connected to a main 
control line 6021 (k) by means of a filled contact hole 
961. Adjacent control lines 6010(k+1) and 6010(k+2) 
(not shown) are connected together and further con- 
nected to a main control line 6011 (k+1) by means of a 
filled contact hole 961. 

[0029] Referring to Fig. 10, a plan view of a portion of 
the nonvolatile memory of the present invention is 
shown. A representative set of memory cell locations 
4100 are shown with the designation (j , k) , (j-1 , k) , (j, 
k-1 ) and (j,k+1 ) . Control lines, which are shown, are la- 
beled 6020 (k-1) , 6010(k-1), 6010 (k) , 6020 (k) , 6020 
(k+1) and 6010 (k+1) and word lines shown are labeled 
6030 (k-1) , 6030 (k) and 6030 (k+1). The control lines 
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and the word lines extend in the second direction laying 
over the respective gates and the isolation areas 201 
and 202. Bit lines that are shown are labeled as 4010 
(j), 4020(j) and 4020(j+1 ) and extend in the first direction 
and lie over the isolation areas 201 and 202 and includ- 
ing the control lines and bit lines . The labeling is used 
to provide understanding of the circuitry and for reading 
and writing methods that will be described later. 
[0030] Continuing to refer to Fig. 1 0, main control lines 
6011(k), 6011(k+1), 6021 (k-1) and 6021(k) are shown. 
The main control lines are a result of stitching an addi- 
tional conductive layer to adjacent control lines, e.g. 
main control line 6011 (k) stitched to control lines 6010 
(k-1) and 601 0(k) and main control line 6011(k+1) 
stitched to control lines 6010(k+1) and 6010(k+2) (not 
shown). To accomplish the stitching, a bridging layer 
6012 is inserted between adjacent control lines at the 
point of stitching. The bridging layer connects the two 
adjacent control lines 6010 (k-1) and 6010 (k) together 
and creates a platform for a filled contact hole 961 to 
form a connection between the bridging layer 6012 and 
the main control line 6011 (k) . To accommodate the 
stitching, bit line 4020Q+1 ) is jogged around the area of 
the bridging layer 6012 and the filled contact hole 961. 
The material used to fill the contact hole can be W or 
AlCu. Although not shown in Fig. 10, main control line 
6021 (k-1 ) is stitched to control lines 6020 (k-2) and 6020 
(k-1) and main control line 6021 (k) is stitched to control 
lines 6020 (k) and 6020 (k+1) by similar means shown 
for stitching main control line 6011 (k). 
[0031] Referring to Fig. 11, a cross section view cut- 
ting through the bridging layer 6012 and the contact via 
961 of Fig. 10 is shown. Two control lines 6010(k-1) and 
6010(k) are connected together by the bridge 6012. A 
contact via 961 connects the bridge 601 2 to a main con- 
trol line 6011 (k) . The bit line 4020 (j+1) connects to a 
second connection region 412 through contact via 942. 
The bit line 4020 0+1) appears to stop in the middle of 
Fig. 1 1 , but this is because of the jog of bit line 4020(j+1 ) 
shown in Fig. 1 0. An isolation area 202 runs in the first 
directionbelowbridge and a portion of the bit line 4020 
G+1). The control lines 6010 (k-1) , 6010 (k) , and 6020 
(k) and the word line 6030 (k) extend in the second di- 
rection over the isolation area 202. An inter-insulating 
layer 800 is used to isolate the various conducting layers 
and insulators 701 and 702 are used to isolate control 
lines 6010 and 6020 from the word line 6030. 
[0032] To write a high threshold, Vthh, or a low thresh- 
old, Vthl, in the trap sites in the first insulator 501 under 
the first conductive gate 601 of the unit cell 4100, which 
is designated as Cj, k, the combinations shown in Fig. 
12 are used. 

[0033] In the Figs 12 and 13, the following notations 
are used for the simplicity. A mark "*" denotes "un-writ- 
ten". A "1" denotes a low threshold state Vthl (e.g. 0.3V 
- 0.7V, usually as was "erased") and an "h" denotes a 
high threshold state Vthh (e.g. 1.5V - 2V, electrons in- 
jected to the trap site 501) . The threshold voltages are 



those measured at the first or second conductive gate. 
H denotes a voltage necessary to accelerate and to in- 
ject electrons into the trap sites 501 or 502 . L denotes 
a write-select voltage, usually 0V for 2 level storage. A 

5 voltage difference (H - L) (e.g. 3 - 6V) must be larger 
than a barrier height (in an unit of electron volt, 2.5 - 
3.2eV for SiOxNy-Si interface) against electrons be- 
tween the first or second channel forming region and the 
first or second insulator. B denotes a write-inhibit volt- 

10 age, where a voltage difference (H - B) (e.g. 2 - 2 . 5V) 
is less than the barrier height. L (B) or B (L) which means 
that either voltage L or B can be applied to the desig- 
nated bit line. However, application of bias B to the des- 
ignated bit lines improves write disturb. Similarly, H(L) 

15 means that either H or L can be applied to the designat- 
ed bit line. For the write, word line 6030 (k) is biased 
above a threshold voltage of the third conductive gate 
Vth3 to control a write current to a predetermined value 
(e.g. a few micro-ampere - a few tens of micro-ampere). 

20 in the Fig 1 2, the control line 601 0(k) is biased to a car- 
rier collecting voltage Vctlcol (> the barrier height) the 
control line 6020 (k) is biased to an override voltage 
Vctlrr (>Vthh) to override a highest "written threshold 
voltage". 

25 [0034] In the Fig. 13, the bias to 601 0(k) and the bias 
to 6020(k) is interchanged. Towrite Vthh or Vthl in the 
trap site in insulator 502, under the second conductive 
gate of the unit cell Cjk with following combination, each 
bit line is biased as shown in Fig. 13. 
30 [0035] In the above mentioned write mode, control 
lines 601 0 and 6020 of unselected cells of a same block 
are preferred to be biased to a voltage between B and L . 
[0036] To read Vthh or Vthl in storage site 501 of the 
unit cell Cjk with following combination, each bit line is 
35 biased as shown in Fig. 14. 

[0037] In the Figs 14 and 15 the following notations 
are used for the simplicity: "r" indicates a selected cell 
for read, "*" indicates an unselected cell, RH indicates 
read bit voltage (e.g. 1 .8 - 2.2V) to detect vthl or Vthh 
40 by a current through the biased bit line, RL indicates 
read-select voltage (e.g. OV), RB indicates read-inhibit 
voltage (>(Vctls - Vthl), e.g. 1 .2V). Where, Vctls denotes 
a sense voltage applied to a selected control line 6010k 
(in Fig. 12) or 6020k (in Fig. 13) . The other control line, 
45 6020 (k) or 601 0(k), is biased to a override voltage Vctlrr 
(e.g. Vthh + 1 V) to override the highest "written Vth" . A 
selected word line is biased to Vth3 + 1 - 2V. Unselected 
word lines are biased to a voltage lower than Vth3. 
[0038] To read Vthh or Vthl in trapping sites within in- 
50 sulator 502 of the unit cell Cjk, each bit line is biased as 
shown in Fig. 15. 

[0039] In the present invention this write algorithm or 
read algorithm is called as "split write" or "split read" . 
The split write employs three bit lines (e.g. 4020(j), 401 0 
55 (j), 4020(j+ 1 )) for writing a pair of hard bits sandwiched 
between each two bit lines. A center bit line 401 00) is 
biased to a voltage H for the acceleration-injection of 
electrons and bit lines 4020Q) and 4020 (j+ 1 ) on the out- 
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side of the selected three bit lines are biased to a write- 
inhibit voltage Bora write-selection voltage L. The write- 
selection voltage L can be OV for 2 level storage and 
can be selected out of multilevel voltages (e.g. 0, 0.5, 
1 , 1 .5V for 4 level storage) for setting a storage level in 
multilevel storage. Each one bit-line 401 0 0 -1 ) and 401 0 
(j+1) adjacent to the selected triplet is idled (biased to 
0V or the write-inhibit voltage B). Thus every other two 
hard bits are written. To write the rest of the two hard bit 
set, the other set of three bit lines (e.g. 4020(j+1), 4010 
(j+1), 4020(j+2)) are selected. 

[0040] A split read also employs three bit lines for 
sensing a pair of hard bits sandwiched by two out of the 
selected three bit lines (e.g. 4020 (j ) , 4010 (j ) , 4020 
(j+1)). A center bit line 4010 (j) is biased to a read se- 
lection voltage RL. RL can be 0V for 2 level storage and 
can be selected out of multilevel voltages for multilevel 
sensing. Bit lines of both sides 4020 (j) and 4020 Q+1) 
out of the selected three bit lines are used for sensing 
by applying a read voltage RH. The sensing can be done 
by either detecting current value through the bit lines or 
discharge time after pre-charging thebit lines. Eachbit- 
line 4010 0-1) and 4010 0+1) adjacent to the selected 
triplet is idled (biased to a read-inhibit voltage RB) . Thus 
every other two hard bits are sensed. To read the rest 
of two hard bit set, the other set of three bit lines (e.g. 
4020G+1), 4010 (j+1), 40200+2)) are selected. 
[0041] In the write or read algorithm described above, 
every other pair hard bits are selected to make one 
group for the write or read at the same time. Thus to 
write or read all bits on one control line, at least a twice 
write or read is necessary. However, a recent large ca- 
pacity nonvolatile memory array has a hardware organ- 
ization equal to or more than two Kbit/word-line, and 
considering that the present memory cell has two hard 
bits/cell, the present array architecture allows writing 
five hundred and twelve bits/word-line at the same time . 
This number is large enough for fast write and is equiv- 
alently as fast as the order of several hundreds of Mbit/ 
sec, when write time per cell is around 1 microsecond. 
Hard bit location skipping, every two hard bits in the write 
and read, can be masked from outside of a chip by a 
virtual address technology. 

[0042] Erase of the stored information in trap sites can 
be performed by hot hole inj ection to annihilate stored 
electron charge or to recombine the stored electrons 
with the injected holes, or performed by tunneling-back 
of stored electrons in the trap sites by Fowler-Nordheim 
tunneling and/or direct tunneling. For the hot hole eras- 
ure, bit lines are biased to a positive voltage EH (e.g. 4 
- 7V) and control lines are biased to zero or a negative 
voltage ENh (0 - -5V). For the tunnel-back erasure, the 
control lines are negatively biased (e.g. -8 - -12V) with 
respect to the channel-forming region. This is realized 
by biasing the control lines to ENt (-8 - -12V), or biasing 
the semiconductor surface region 200 (usually a p-type 
well) to EHt (3 - 6V) and biasing the control lines to ENt 
+ EHt. 



[0043] In the present array architecture, opposite con- 
ductivity type regions of unselected cells connected to 
a selected bit lines are also biased to H or EH in the 
write operation. This will cause over a long time span 
5 some change in the number of stored electrons in the 
trap sites of the unselected cells. To avoid this write dis- 
turb or erase disturb, dividing chip level array size into 
a number of blocks and connecting the bit line in the 
each block to a main bit line through a select transistor 
is preferable. A bit size of the block can be the size of a 
block erase mode. 

Industrial Applicability 

[0044] Thepresent array architecture can be realized 
by a fabrication process more compatible to an MOS 
logic LSI fabrication process as compared with previ- 
ously proposed array architecture. Higher write and/or 
read speed is possible because of a lower bit line resist- 
ance. Still high hard bit density near to 4F 2 is possible 
when a self-align contact technology and a border less 
contact STI technology (STI: shallow trench isolation) 
can be used. These two technologies are common to 
recent advanced MOS logic LSI technologies. 
[0045] While the invention has been particularly 
shown and described with reference to preferred em- 
bodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may 
be made without departing from the spirit and scope of 
the invention. 



Claims 



a plurality of memory cells two dimensionally 
disposed in a first direction and in a second di- 
rection, 

a plurality of connection regions, 

a plurality of conductive bit lines extending in 

said first direction, 

a plurality of conductive word lines extending in 

said second direction, 

a plurality of conductive control lines, 

said connection regions connecting cells with 

cells in said second direction 

2. The memory array of claim 1 , wherein said connec- 
tion regions further comprise: 

a first connection region electrically connecting 
a first opposite conductivity type region of a first 
memory cell to a first opposite conductivity type 
region of a first neighboring memory cell in a 
second direction, 

a second connection region electrically con- 
necting a second opposite conductivity type re- 
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gion of said first memory cell to a second op- 
posite conductivity type region of a second 
neighboring memory cell in said second direc- 
tion, 

said first connection region being connected on 
a first high conductive layer which is insulated 
from and crossing over first, second and third 
conducting gates, 

said second connection region being connect- 
ed on a second high conductive layer which is 
insulated from and crossing over said first, sec- 
ond and third conducting gates, 
saidbit lines comprising said first and secon- 
dhigh conductive layer. 

3. The memory array of claim 1 , wherein said connec- 
tion regions are of opposite conductivity type sem- 
iconductor regions. 

4. The memory array of claim 1 , wherein said connec- 
tion region isformed continuouslyin opposite con- 
duct vitytypesemi conductor regions to be connect- 
ed to said connecting region. 

5. The memory array of claim 1, wherein a third high 
conductive layer contacts said word line. 

6. The memory array of claim 1 , wherein said memory 
cell further comprises: 

a channel forming semiconductor region of a 
first conductivity type in a semiconductor sur- 
face region of a substrate, 
said substrate being a semiconductor substrate 
or having a semiconductor surface region on a 
insulating substrate, 

a first opposite conductivity type region and a 
second opposite conductivity type region being 
disposed in said surface region of said sub- 
strate and said first and second opposite con- 
ductivity type regions being spaced apart and 
separated from each other by said channel 
forming semiconductor region, 
said channelformingsemiconductor regionfur- 
. ther comprising: 

a first channel forming region laterally con- 
tacting said first opposite conductivity type 
region, 

a second channel forming region contact- 
ing said second opposite conductivity type 
region, 

a third channel forming region in contact 
with said first and second channel forming 
regions and disposed between said first 
channel forming region and said second 
channel forming region, 
a first gate insulator disposed on said first 



channel forming region and a part of said 
first opposite conductivity type region adja- 
cent to said first channel forming region, 
a second gate insulator disposed on said 
5 second channel forming region and a part 

of said second opposite conductivity type 
region adjacent to said second channel 
forming region, 

a third gate insulator disposed on said third 
10 channel forming region. 

7. The memory array of claim 6, wherein said first op- 
posite conductivity type regions is connected to a 
first high conductive layer which is insulated from 

15 and crossing over first, second and third conductive 
gates, and said second opposite conductivity type 
regions being connected to a second high conduc- 
tive layer which is insulated from and crossing over 
said first, second and third conducting gates. 

20 

8. The memory array of claim 6, wherein said connec- 
tion regions comprise: 

a first doped poly-silicon layer contacting said 
25 first opposite conductivity type region of a first 

memory cell of said plurality of memory cells 
and said first opposite conductivity type region 
of a neighboring cell to a second direction, 
a second doped poly-silicon layer contacting 
30 said second opposite conductivity type region 

of said first memory cell and a second opposite 
conductivity type region of an another neigh- 
boring cell in the second direction. 

35 9. The memory array of claim 6, wherein said memory 
cell further comprises: 

a first conductive gate on said first gate insula- 
tor, 

40 a second conductive gate on said second gate 

insulator, 

a third conductive gate on said third gate insu- 
lator, 

said first, second and third conductive gates be- 
45 ing electrically insulated from each other and a 

part of said first conductive gate overlapping a 
part of said first opposite conductivity type re- 
gion and said first insulator, a part of said sec- 
ond conductive gate overlapping a part of said 
50 second opposite conductivity type region and 

said second insulator, 

said first and second insulator providing carrier 
trapping sites for carrier storage. 

55 10. The memory array of claim 9 wherein said third gate 
of each cell is disposed side-by-side in said second 
direction, is continuous or connected together in 
said second direction and forms a part of one word 
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line out of said plurality of word lines. 

1 1 . The memory array of claim 9 wherein said first gate 
of each cell disposed side-by-side in the second di- 
rection, is continuous or connected together in said 
second direction and forms a part of a first control 
line out of said plurality of control lines. 

12. The memory array of claim 9 wherein said second 
gate of each cell disposed side-by-side in the sec- 
ond direction, is continuous or connected together 
in said second direction, and forms a part of a sec- 
ond control line out of said plurality of control lines. 

13. The memory array of claim 9, wherein said first con- 
ductive gate of a first cell of said plurality of memory 
cells and said first conductive gate of an adjacent 
cell is disposed in the first direction and being con- 
nected by a bridging region; said bridging region be- 
ing connected to a third high conductive layer ex- 
tending in said a second direction and insulated 
from said first and second opposite conductivity 
type regions, said connection regions and said third 
conductive gates. 

14. The memory array of claim 9, wherein said second 
conductive gate of a first cell of said plurality of 
memory cells and said second conductive gate of 
an adjacent cell is disposed in the first direction and 
being connected by a bridging region; said bridging 
regionbeing connected to a fourthhigh conductive 
layer extending in said a second direction and insu- 
lated from said first and second opposite conduc- 
tivity type regions, said connection regions and said 
third conductive gates. 

1 5. The memory array of claim 9, wherein said first con- 
ductive gate of each memory cell is disposed side- 
by-side in said second direction, being continuous 
in said second direction and forming a part of a first 
control line of said plurality of control lines, the con- 
tinuous part of said first control gate being disposed 
on a fourth insulator on or in the surface of said sub- 
strate with thickness greater than said first insulator, 
said second gate of each cell disposed side-by-side 
in the second direction, being continuous in the first 
direction and forming a part of a second control line 
of said plurality control lines, said continuous part 
of said second control gate being disposed on a 
fourth insulator on or in the surface of said sub- 
strate. 

16. A writing method of a nonvolatile memory array as 
set forth in claim 1, comprising: 

selecting three bit lines for writing a pair of hard 
bits in two memory cells sandwiched between 
two bit lines from a set of three bit lines, 
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biasing a center bit line out of said three bit lines 
to a voltage for the acceleration-injection of 
electrons, 

biasing both bit lines to either side of said center 
bit line to a write inhibit voltage or a write select 
voltage, 

biasing bit-lines adjacent to said three bit lines 
to a voltage from OV to the write inhibit voltage, 
selecting a word line and biasing said word line 
to a voltage to control a write current to a pre- 
determined value, 

biasing a first control line to a voltage to allow 
carrier collecting where said control line is ad- 
jacent to said word line and adjacent to an op- 
posite conductivity type region which is con- 
nected to said center bit line, 
biasing a second control line adjacent to said 
word line to a voltage to override a highest writ- 
ten threshold voltage. 

17. A reading method of a nonvolatile memory array as 
set forth in claim 1, comprising: 

selecting three bit lines for reading a pair of 
hard bits in two memory cells sandwiched be- 
tween two bit lines out of set of three bit lines, 
biasing a center bit line from said three bit lines 
to a read select voltage, 
biasing both bit lines to either side of said center 
bit line to a read bit voltage, 
biasing bit-lines adjacent to said three bit lines 
to a read-inhibit voltage, 
selecting a word line and biasing said word line 
to a voltage larger than threshold voltage of a 
third gate, 

biasing a control line to a sensing voltage where 
said control line is adjacent to said word line 
and adjacent to a opposite conductivity type re- 
gion which is connected to said center bit line, 
biasing a second control line adjacent to said 
word line to a voltage to override a written 
threshold voltage, 

sensing read current through said two bit lines 
located on either side of said center bit line. . 



Amended claims under Art. 19.1 PCT 

1 . (Amended) A nonvolatile memory array, compris- 
50 ing: 

a plurality of memory cells two dimensionally 
disposed in a first direction and in a second di- 
rection, 

55 a plurality of connection regions, 

a plurality of conductive bit lines extending in 
said first direction, 

a plurality of conductive word lines extending in 
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said second direction, 

a plurality of conductive control lines extending 
in said second direction, 

wherein said memory cells include two oppo- 5 
site conductivity type regions, word gates and con- 
trol gates, carrier trapping sites being provided in 
an insulator below the control gates, 

said word gates are disposed continuously 
between memory cells adjacent in said first direc- 10 
tion to form said conductive word lines, said control 
gates are disposed continuously between memory 
cells adjacent in said first direction to form said con- 
ductive control lines, said conductive word lines do 
not cross but are disposed in parallel with said con- *5 
ductive control lines, 

said connection regions includes: 

a first connection region which connects said 
opposite conductivity type regions in a first 20 
memory cell and a second memory cell that are 
adjacent in said second direction out of said- 
plurality of memory cells, said first connection 
region being commonly used as a connection 
region of a third memory cell and a fourth mem- 25 
ory cell that are adjacent in said first direction 
to said first memory cell and said second mem- 
ory cell, and said first connection region con- 
necting said opposite conductivity type regions 
of a first memory cell group consisting of said 30 
first memory cell, said second memory cell, 
said third memory cell and said fourth memory; 
and 

a second connection region which connects an 
opposite conductivity type region of a fifth mem- 35 
ory cell adjacent in said second direction to one 
memory cell of said first memory cell group to 
an opposite conductivity type region of said one 
memory cell, said second connection region 
being commonly used as a connection region 40 
of a sixth memory cell and a seventh memory 
ceil that are adjacent in said first direction to 
said fifth memory cell and said one memory 
cell, and said second connection region con- 
necting said opposite conductivity type regions 45 
of a second memory cell group consisting of 
said fifth memory cell, said one memory cell, 
said sixth memory cell and said seventh mem- 
ory cell, and 

said plurality of conductive bit lines includes: 50 

a first conductive bit line to which said first 
connection region is further connected; 
and 

a second conductive bit line to which said 55 
second connection region is further con- 
nected. 



2. (Amended) The memory array of claim 1 , wherein 
said connection regions further comprise: 

a first connection region electrically connecting 
a first opposite conductivity type region of the 
opposite conductivity type region of a first mem- 
ory cell to a first opposite conductivity type re- 
gion of a second neighboring memory cell in a 
second direction, 

a second connection region electrically con- 
necting a second opposite conductivity type re- 
gion of the opposite conductivity type region of 
the first memory cell to a second opposite con- 
ductivity type region of a third neighboring 
memory cell in said second direction, 
said first connection region being connected on 
a first high conductive layer which is insulated 
from and crossing over the word gates and the 
control gates, 

said second connection region being connect- 
ed on a second high conductive layer which is 
insulated from and crossing over the word 
gates and the control gates, 
saidbit lines comprising said first and secon- 
dhigh conductive layer. 

3. (Amended) The memory array of claim 1 , wherein 
said connection regions have regions in common 
with said opposite conductivity type semiconductor 
regions. 

6. (Amended) The memory array of claim 1 , wherein 
said memory cell further comprises: 

a channel forming semiconductor region of a 
first conductivity type in a semiconductor sur- 
face region of a substrate, 
said substrate being a semiconductor substrate 
or having a semiconductor surface region on a 
insulating substrate, 

a first opposite conductivity type region anda 
second opposite conductivity type region being 
disposed in said surface region of said sub- 
strate and said first and second opposite con- 
ductivity type regions being spaced apart and 
separated from each other by said channel 
forming semiconductor region, 
said channel forming semiconductor region fur- 
ther comprising: 

a first channel forming region laterally con- 
tacting said first opposite conductivity type 
region, 

a second channel forming region contact- 
ing said second opposite conductivity type 
region, 

a third channel forming region in contact 
with said first and second channel forming 



11 



21 



EP 1 378 944 A1 



22 



regions and disposed between said first 
channel forming region and said second 
channel forming region, 
a first gate insulator disposed on said first 
channel forming region and a part of said 5 
first opposite conductivity type region adja- 
cent to said first channel forming region, 
. a second gate insulator disposed on said 
second channel forming region and a part 
of said second opposite conductivity type u> 
region adjacent to said second channel 
forming region, 

a third gate insulator disposed on said third 

channel forming region, 

a first conductive gate on said first gate in- is 

sulator, 

a second conductive gate on said second 
gate insulator, 

a third conductive gate on said third gate 
insulator, 20 
said first, second and third conductive 
gates being electrically insulated from 
each other and a part of said first conduc- 
tive gate overlapping a part of said first op- 
posite conductivity type region and said 25 
first insulator, a part of said second conduc- 
tive gate overlapping a part of said second 
opposite conductivity type region and said 
second insulator, 

said first and second insulator providing 30 
carrier trapping sites for carrier storage. 

7. (Amended) The memory array of claim 6, wherein 
said first opposite conductivity type regions is con- 
nected to a first high conductive layer which is in- 35 
sulated from and crossing over the first, second and 
third conductive gates, and said second opposite 
conductivity type regions being connected to a sec- 
ond high conductive layer which is insulated from 
and crossing over said first, second and third con- *o 
ducting gates. 

10. (Amended) The memory array of claim 6 where- 
in said third gate of each cell is disposed side-by- 
side in said second direction, is continuous or con- 45 
nected together in said second direction and forms 

a part of one word line out of said plurality of word 
lines. 

11. (Amended) The memory array of claim 6 where- 50 
in said first gate of each cell disposed side-by-side 

in the second direction, is continuous or connected 
together in said second direction and forms a part 
of a first control line out of saidplurality of control 
lines. 55 

1 2. (Amended) The memory array of claim 6 where- 
in said second gate of each cell disposed side-by- 



side in the second direction, is continuous or con- 
nected together in said second direction, and forms 
a part of a second control line out of said plurality 
of control lines. 

13. (Amended) The memory array of claim 6, 
wherein said first conductive gate of a first cell of 
said plurality of memory cells and said first conduc- 
tive gate of an adjacent cell is disposed in the first 
direction and being connected by a bridging region; 
said bridging region being connected to a third high 
conductive layer extending in said a second direc- 
tion and insulated from said first and second oppo- 
site conductivity type regions, said connection re- 
gions and said third conductive gates. 

14. (Amended) The memory array of claim 6, 
wherein said second conductive gate of a first cell 
of said plurality of memory cells and said second 
conductive gate of an adjacent cell is disposed in 
the first direction and being connected by a bridging 
region; said bridging region being connected to a 
fourth high conductive layer extending in said a sec- 
ond direction and insulated from said first and sec- 
ond opposite conductivity type regions, said con- 
nection regions and said third conductive gates. 

15. (Amended) The memory array of claim 6, 
wherein said first conductive gate of each memory 
cell is disposed side-by-side in said second direc- 
tion, being continuous in said second direction and 
forming a part of a first control line of said plurality 
of control lines, the continuous part of said first con- 
trol gate being disposed on a fourth insulator on or 
in the surface of said substrate with thickness great- 
er than said first insulator, said second gate of each 
cell disposed side-by-side in the second direction, 
being continuous in the first direction and forming a 
part of a second control line of said plurality control 
lines, said continuous part of said second control 
gate being disposed on a fourth insulator on or in 
the surface of said substrate. 

17. (Amended) A reading method of a nonvolatile 
memory array as set forth in claim 1 , comprising: 

selecting three bit lines for reading a pair of 
hard bits in two memory cells sandwiched be- 
tween two bit lines out of set of three bit lines, 
biasing a center bit line from said three bit lines 
to a read select voltage, 
biasing both bit lines to either side of said center 
bit line to a read bit voltage, 
biasing bit-lines adjacent to said three bit lines 
to a read-inhibit voltage, 
selecting a word line and biasing said word line 
to a voltage larger than threshold voltage of a 
third gate, 
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24 



biasing a control line to a sensing voltage where 
said control line is adjacent to said word line 
and adjacent to a opposite conductivity type re- 
gion which is connected to said center bit line, 
biasing a second control line adjacent to said 5 
word line to a voltage to override a written 
threshold voltage, 

sensing read current through said two bit lines 
located on either side of said center bit line. 

10 

18. (Added) A writing method of a nonvolatile mem- 
ory array, wherein the nonvolatile memory array 
comprising; 

a plurality of memory cells two dimensionally 
disposed in a first direction and in a second direc- 15 
tion, 

a plurality of connection regions, 

a plurality of conductive bit lines extending in 
said first direction, 

a plurality of conductive word lines extending 20 
in said second direction, 

wherein said memory cells include two oppo- 
site conductivity type regions and word gate, carrier 
trapping sites being provided in an insulator below 
the word gate, 25 

said word gates are disposed continuously 
between memory cells adjacent in said first direc- 
tion to form said conductive word lines, 

said connection regions includes: 

30 

a first connection region which connects said 
opposite conductivity type regions in a first 
memory cell and a second memory cell thatar- 
eadjacent insaidseconddirectionoutof saidplu- 
rality of memory cells, said first connection re- 35 
gion being commonly used as a connection re- 
gion of a third memory cell and a fourth memory 
cell that are adjacent in said first direction to 
said first memory cell and said second memory 
cell, and said first connection region connecting *o 
said opposite conductivity type regions of a first 
memory cell group consisting of said first mem- 
ory cell, said second memory cell, said third 
memory cell and said fourth memory; and 
a second connection region which connects an <5 
opposite conductivity type region of a fifth mem- 
ory cell adjacent in said second direction to one 
memory cell of said first memory cell group to 
an opposite conductivity type region of said one 
memory cell, said second connection region 50 
being commonly used as a connection region 
of a sixth memory cell and a seventh memory 
cell that are adjacent in said first direction to 
said fifth memory cell and said one memory 
cell, and said second connection region con- 55 
necting said opposite conductivity type regions 
of a second memory cell group consisting of 
said fifth memory ceil, said one memory cell, 



said sixth memory cell and said seventh mem- 
ory cell, and 

said plurality of conductive bit lines includes: 

a first conductive bit line to which said first 
connection region is further connected; 
and 

a second conductive bit line to which said 
second connection region is further con- 
nected, 

as a writing method: 

in order to write a pair of hard bits in 
two memory cells sandwiched be- 
tween both-side bit lines from a set of 
three bit lines selected from a plurality 
of bit lines, biasing a center bit line out 
of said set of three bit lines to a voltage 
for the acceleration-injection of elec- 
trons; 

biasing both bit lines of said center bit 
line either to a write inhibit voltage or 
a write select voltage; 
biasing bit-lines adjacent to said set of 
three bit lines to a voltage ranging from 
0 V to the write inhibit voltage; and 
selecting a word line and biasing said 
word line to a voltage to allow carrier 
collecting. 

19. (Added) A reading method of a nonvolatile 
memory array, wherein the nonvolatile memory ar- 
ray comprising; 

a plurality of memory cells two dimensionally 
disposed in a first direction and in a second direc- 
tion, 

a plurality of connection regions, 

a plurality of conductive bit lines extending in 
said first direction, 

a plurality of conductive word lines extending 
in said second direction, 

wherein said memory cells include two oppo- 
site conductivity type regions and word gate, carrier 
trapping sites being provided in an insulator below 
the word gate, 

said word gates are disposed continuouslybe- 
tween memory cells adjacent in said first direction 
to form said conductive word lines, 

said connection regions includes: 

a first connection region which connects said 
opposite conductivity type regions in a first 
memory cell and a second memory cell that are 
adjacent in said second direction out of said- 
plurality of memory cells, said first connection 
region being commonly used as a connection 
region of a third memory cell and a fourth mem- 
ory cell that are adjacent in said first direction 
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to said first memory cell and said second mem- 
ory cell, and said first connection region con- 
necting said opposite conductivity type regions 
of a first memory cell group consisting of said 
first memory cell, said second memory cell, 5 
said third memory cell and said fourth memory; 
and 

a second connection region which connects an 
opposite conductivity type region of a fifth mem- 
ory cell adjacent in said second direction to one 10 
memory cell of said first memory cell group to 
an opposite conductivity type region of said one 
memory cell, said second connection region 
being commonly used as a connection region 
of a sixth memory cell and a seventh memory *5 
cell that are adjacent in said first direction to 
said fifth memory cell and said one memory 
cell, and said second connection region con- 
necting said opposite conductivity type regions 
of a second memory cell group consisting of 20 
said fifth memory cell, said one memory cell, 
said sixth memory cell and said seventh mem- 
ory cell, and 

said plurality of conductive bit lines includes: 

25 

a first conductive bit line to which said first 
connection region is further connected; 
and 

a second conductive bit line to which said 
second connection region is further con- 30 
nected, 

as a reading method: 

in order to read a pair of hard bits in 
two memory cells sandwiched be- 35 
tween both-side bit lines from a set of 
three bit lines selected from a plurality 
of bit lines, biasing a center bit line out 
of said set of three bit lines to a read 
select voltage; *o 
biasing the both-side bit lines of said 
center bit line to a read bit voltage; 
biasing bit lines adjacent to said set of 
three bit lines to a read inhibit voltage; 
selecting a word line and biasing said 45 
word line to a sensing voltage; and 
sensing read current through two bit 
lines located either side of said center 
bit line. 
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